We conducted a multicenter study to determine whether Mycobacterium tuberculosis complex (MTBC) cultures in automated broth-based systems could reliably be considered negative sooner than 6 weeks. Laboratory sites used Bactec MGIT or BacT/ Alert and tracked results of time to detection of all mycobacteria (TTD-all, n ‫؍‬ 1547) and of MTBC (TTD-MTBC, n ‫؍‬ 466) over 6-month periods from primarily (93%) respiratory specimens. Cumulative percentages by day detected and median TTD of initial and follow-up specimens were analyzed. The median TTD-MTBC for MGIT (n ‫؍‬ 6 sites) was 14 days. For laboratories using standard processing procedures, 100% of MTBC were detected from initial and follow-up specimens in 28 and 35 days, respectively, and no yield of MTBC on solid or MGIT liquid media was observed after 5 weeks. The median TTD-MTBC for BacT/Alert (n ‫؍‬ 3 sites) was 18 days, with 95% and 100% detected within 37 and 42 days, respectively. Analysis of TTD of positive MTBC cultures in broth can predict the probability of culture negativity at defined time points. Receipt of interim negative reports earlier than 6 weeks could assist clinicians in considering alternative diagnoses and could alter the timing and prioritization of public health interventions. Laboratories should analyze their own TTD data to inform protocol decisions. Laboratories using MGIT could issue reports of no growth of MTBC on initial specimens as early as 4 weeks and for patients undergoing treatment as early as 5 weeks postinoculation. R apid diagnosis is critical for initiating effective treatment and establishing infection control measures to prevent ongoing transmission of tuberculosis. The laboratory plays an essential role in this diagnostic process and is responsible for providing rapid turnaround of accurate results (29) . Although molecular methods to rapidly identify Mycobacterium tuberculosis complex (MTBC) directly from clinical specimens have become an accepted practice, current testing algorithms still require isolation and identification (ID) after growth in culture (9, 16) . Culture remains the most sensitive method for identification of MTBC (33) , and an isolate is required for phenotypic drug susceptibility testing and genotyping. However, due to the slow growth of MTBC in culture, patients suspected of having tuberculosis often need to be prescribed empirical treatment before culture and other microbiological results are known (14) . Because MTBC grows faster in liquid than on solid media (3, 4, 13) , the use of liquid media is the recommended practice (13, 18) for faster isolation and to meet the laboratory turnaround time objectives developed in 1993. These objectives were written to assist laboratories in avoiding testing delays and to help achieve the goal of reduced transmission by providing rapid diagnosis (29) .
Although evidence exists that most cultures positive for MTBC occur in the first 1 to 3 weeks of incubation (28, 30, 32) , current laboratory guidelines still require holding mycobacterial cultures for 6 weeks as indicated by commercial broth system protocols (5, 6) and up to 8 weeks for solid media (13, 17) before regarding results as negative. Standard practice indicates that when initial acid-fast-bacillus (AFB) smears and cultures are negative, a diag-nosis other than tuberculosis should be considered and relevant evaluations undertaken (3) . According to American Thoracic Society (ATS) and U.S. Centers for Disease Control and Prevention (CDC) diagnostic standards, patients for whom a diagnosis of tuberculosis disease is being considered should remain in the category "tuberculosis suspect, diagnosis pending" (i.e., class 5), until diagnostic procedures are complete (3). This process could take 2 months, delaying patient placement into a lesser category (e.g., class 2 [latent tuberculosis infection, no disease]). Additionally, the standard practice of waiting 6 to 8 weeks for such a result affects policies governing immigration (11) and foreign-born adoptions (10) .
Negative reports could be issued earlier if shorter incubation times were sufficient. Prior studies have focused on the ability of liquid broth culture systems to rapidly detect MTBC (20, 21, 24, 26, 30) , but few have addressed the corollary argument concerning the ability to dependably shorten incubation times and release earlier negative reports, thereby altering patient management and influencing public health interventions. We hypothesized that mycobacterial cultures in broth-based systems could reliably be considered negative at less than the historically recommended and accepted (13, 17) 6 to 8 weeks of incubation, especially for initial diagnostic specimens from those patients for whom a definitive diagnosis of tuberculosis has not yet been made and who are not undergoing treatment with anti-tuberculosis drugs. Changes in reporting protocols could result in considerable benefits to patients, clinicians, and laboratories.
MATERIALS AND METHODS
We conducted a multisite analysis of time to detection in days for cultures from specimens positive for any mycobacteria (TTD-all) and for cultures from specimens positive for MTBC (TTD-MTBC) by the use of Bactec MGIT 960 (Becton, Dickinson, Cockeysville, MD) (MGIT) and BacT/ Alert (bioMérieux, Inc., Durham, NC) (BacT/Alert) commercial automated broth-based systems. The analyses included a review of incubation lengths to determine frequency and type of mycobacteria isolated and characterization of isolates that grew later than 28 days postinoculation.
Site selection. To be considered for participation, laboratories had to perform AFB smears and mycobacterial culture using the MGIT or the BacT/Alert commercial automated broth system, perform species identification (ID) of mycobacteria, and perform an average of at least 10 mycobacterial cultures per week. Additional selection criteria included the ability to track or retrieve the date of inoculation and placement of broth cultures on the instrument, the date of positive signal by the instrument, the date a signal-positive broth culture was removed from the instrument, and the date of final ID, or disposition, of all signal-positive broth cultures. Site-specific information was collected, including testing volumes, specimen processing methods, protocols for reprocessing contaminated liquid broths, and standard lengths of incubation for solid and liquid media. Laboratories were excluded if they did not use liquid broth methods or were unable to collect data as described. Nine sites (five public health and four hospital-based laboratories) were included in the analysis. Six laboratories used the MGIT system for mycobacterial culture; three sites used BacT/Alert. For 6-month periods between January 2009 and February 2011, sites kept detailed culture records. Two sites recorded data prospectively, and seven sites retrieved data from laboratory records for all specimens received for mycobacterial culture that did not produce a "no-growth" result at the end of the incubation time (i.e., that produced a final positive culture result). Following data collection and preliminary analysis, a meeting of participants was held to discuss findings and their implications for laboratory practice.
Laboratory methods. Specimens were processed in each participating laboratory following standard procedures for decontamination and digestion of specimens, AFB-smear microscopy, culture, and ID (13, 17, 18) . For MGIT, one mycobacterial growth indicator tube was prepared for each resuspended sample pellet by inoculating 0.5 ml of the sample into the tube, which was then incubated at 37°C in an automated MGIT instrument and monitored continuously. For BacT/Alert, one bottle was prepared for each resuspended sample pellet by inoculating 0.5 ml of the processed sample into the bottle, which was then incubated at 37°C in the BacT/Alert instrument and monitored continuously. The nine laboratories used various smear-grading protocols. One of the laboratories (site K) did not use solid media in the initial culture setup. One site used a processing procedure that differed in the sequence of steps from the commonly accepted standard processing procedure (17) (site B). Liquid cultures were incubated in the respective automated instruments for the time period indicated in either the manufacturer's package inserts or the institution's validated protocols according to specimen type or until a positive signal was seen, whichever occurred first. Signal-positive broths were removed and the date was recorded, and then the tube or bottle was processed for identification according to each site's laboratory protocol. Signal-negative broths were removed, examined, and discarded at the end of the incubation period according to each site's protocol. Signal-positive broths that gave AFB smear-negative results were treated according to the policy in place for each site. Site characteristics are displayed in Table 1 .
Data collection. Each participating laboratory was assigned a 6-month data collection period over which to retrieve or record data for all variables included in the study for all positive culture results. This time frame was determined to be sufficiently long to achieve a combined sample size of at least 10,000 total culture specimens and yet short enough for data collection to be manageable by each participating laboratory. Data collection periods were staggered to reduce potential seasonal variability in mycobacterial positivity rates. Accession numbers were removed prior to submission, and specimens were made anonymous by generation of a code number for each specimen. Personal identifying information was not collected for the study. Data were recorded for each specimen that did not generate a no-growth result (e.g., positive growth or contamination) by the end of incubation during the 6-month data collection period. Dates of specimen receipt, inoculation, positive signal on instrument of broth, recovery on solid media if known, and generation of the final report, as well as AFB smear result, specimen type, broth result (identification of growth from a signal-positive broth), and final culture result (final report of identification of growth from either broth or solid media), were collected. For any culture positive for MTBC that signaled in broth in more than 28 days, and for cultures positive for MTBC growing on solid media that were not detected in broth, further data were collected, including whether the specimen was an initial specimen (defined as the first known or one of a first set of patient specimens to be processed in the laboratory) or a follow-up specimen (defined as a subsequent specimen from a patient with a culture previously identified in the laboratory as positive for MTBC). Not all sites tracked dates of recovery on solid media for every specimen. Once data collection was completed at each site, data were transmitted to the principal investigator using a secure file transfer protocol. Details concerning the data collection instruments are available on request.
Data analysis. SPSS version 18.0 (IBM, Armonk, NY) was used for all data analysis. Time to detection in broth in days (TTD) was calculated by subtracting the date of specimen inoculation from the date of broth signal positivity and determined for MTBC recovered (TTD-MTBC) and for all mycobacteria recovered (TTD-all). Median TTD-all and TTD-MTBC were determined for each site individually and overall for each culture system used. The cumulative percentages of TTD were determined for all mycobacterial species and for MTBC. For TTD-MTBC cumulative percent determinations, analysis included TTD of MTBC for all specimens and for MTBC with follow-up specimens excluded. Because TTD values were not normally distributed, nonparametric analysis was employed using an independent-sample median test for comparing TTD-MTBC and TTD-all between the two culture systems used, comparing TTD-MTBC and TTD-all specimens from pulmonary versus nonpulmonary sites, comparing TTD-MTBC and TTD-all smear-positive to smear-negative specimens, and for TTD comparisons among sites. P values of less than 0.05 were considered statistically significant. This study was determined to not be human subject research by the CDC National Center for HIV/ AIDS, Viral Hepatitis, STD, and TB Prevention, as defined by Code of Federal Regulations (CFR) 45, part 46.
RESULTS

All sites.
A total of 19,275 specimens for mycobacterial culture across the nine sites during the data collection period were received; of those specimens, 1,722 (8.9%) had a reported final positive or contaminated-culture result either in liquid or on solid media. Reported final culture results were divided into categories that consisted of 594 M. avium complex (34%), 466 MTBC (27%), 141 M. gordonae (8%), 329 other mycobacteria (19%), 175 contaminated (10%), 9 nonmycobacterial (e.g., Actinomyces sp.) (0.6%), and 8 nonviable (i.e., specimen AFB smear positive but no growth on media) (0.5%). Of the 1,722 culture-positive results, 175 had a final result of "contaminated," defined either as any growth other than AFB or as a culture result from both liquid and solid media that was uninterpretable due to contaminating overgrowth. The majority of these (150 [86%]) were from one site, and because the TTD-all for overall final culture results was significantly different for this site when contaminated results were included, contaminated results were excluded from the overall analysis of TTD-all. A final sample size of 1,547 positive, noncontaminated culture results (8.0% overall mycobacterial recovery rate) was used for analysis of TTD-all and TTD-MTBC ( Fig. 1 ). The overall MTBC recovery rate (n ϭ 466) was 2.4%.
(i) Specimen characteristics. Personnel at each of the sites were asked to characterize each specimen by type (i.e., anatomic site) and to record the original AFB smear results. Specimens examined by culture included 1,234 sputa (80%), 188 bronchial washes (12%), 46 tissue samples (3%), 13 stool samples (0.8%), 11 sterile-fluid samples (0.7%), 5 urine specimens (0.5%), 5 wound specimens (0.5%), 21 other nonpulmonary specimens (1.4%), and 19 specimens from other pulmonary sources (1.2%). For TTD data analysis, specimens were categorized as either pulmonary or nonpulmonary; pulmonary specimens accounted for 93% of all specimens. Because the grading scales and subsequent assignments of results for AFB smears differed among the laboratories in this study, AFB smear results were categorized into smear-positive and smear-negative categories only. Equivocal or indeterminate smear results were categorized in the smearnegative category. Of the 1,547 final positive culture results, 1,071 were smear negative (69%) and 473 (31%) were smear positive (3 missing results). In our study, sensitivities of the AFB smear analysis for MTBC, defined as the proportion of MTBC with smear-positive results in the final culture (61% for MGIT and 57% for BacT/Alert [P ϭ 0.465], for an overall smear sensitivity of 60%), were not statis-tically different between systems. However, smear sensitivities differed considerably across sites, ranging from 32% to 79% in sites using MGIT and 0% to 60% in those using BacT/Alert. Table 1 summarizes the site characteristics of participating laboratories by system used.
(ii) TTD differences. Medians for TTD for all species (TTDall) and TTD for MTBC (TTD-MTBC) were significantly different for smear-positive and smear-negative specimens, with 13 days for smear-positive versus 17 days for smear-negative specimens for TTD-MTBC (P Ͻ 0.01) and 11 days for smear-positive versus 16 days for smear-negative specimens for TTD-all (P Ͻ 0.01). TTD data were not significantly different for comparisons of specimen types (pulmonary versus nonpulmonary), with 14 days versus 15 days, respectively, for TTD-all (P ϭ 0.166) and 14 days versus 16.5 days for TTD-MTBC (P ϭ 0.070). Medians for TTD for all species (TTD-all) and TTD for MTBC (TTD-MTBC) were significantly different between the two culture systems, with 16 versus 13 days (P Ͻ 0.001) for TTD-all and 18 versus 14 days (P ϭ 0.005) for TTD-MTBC in the BacT/Alert and MGIT systems, respectively. Because of this difference, all further TTD analyses were conducted separately for each culture system.
MGIT sites. Table 2 displays a summary of results for time to detection of mycobacteria and cumulative percentage of MTBC detected in MGIT. For sites using the MGIT system, overall median TTD-all was 13 days (interquartile range [IQR], 7 to 19), and for MTBC, the median TTD-MTBC was 14 days (IQR, 10 to 18). At the end of 3, 4, and 5 weeks of incubation, MTBC had been detected in broth from all specimens at levels of 88%, 94%, and 99%, respectively (n ϭ 366). With follow-up specimens excluded, median TTD-MTBC for initial specimens was 13 days (IQR, 9 to 17), and at the end of 4 and 5 weeks of incubation, MTBC had been detected in 99.4% and 100%, respectively (n ϭ 348) ( Fig. 2) . Of the 366 specimens that were culture positive for MTBC in MGIT, only 21 (5.7%) (13 of which were from site B) were detected beyond 28 days and only 2 were initial specimens, detected in broth in 31 and 32 days. Both of those two specimens had MTBC recovered from solid media in less than 28 days, yielding 100% detection of MTBC from initial specimens within 28 days. Overall, in MGIT, a total of 20 cultures were positive after 5 weeks (35 days) of incubation; 9 grew M. gordonae, 6 grew other mycobacteria, 4 grew MTBC, and 1 grew M. avium. Of the four cultures that grew MTBC in greater than 5 weeks in MGIT, all were from follow-up specimens from one laboratory site (site B), three were smear positive, and three grew on solid media in less than 5 weeks. In MGIT, the median TTD-MTBC for smear-posi-tive specimens (n ϭ 229) was 12 days (IQR, 8 to 15.5) compared to 16 days (IQR, 13 to 20) for smear-negative specimens (n ϭ 149, P ϭ 0.005). Only six initial specimens that were AFB smear positive grew in greater than 28 days in MGIT, and only one of these grew MTBC, which was detected using solid media in less than 28 days (Table 3) .
Among the six laboratory sites using MGIT, the range of medians for TTD-MTBC was 11 to 16 days (Table 4 ). Site D had the lowest overall median TTD of MTBC, site B had the highest, and all others were at or lower than the overall median. There was a significant difference in median TTD across laboratory sites (P ϭ 0.024) but only between sites D and B after post hoc pairwise analysis (P ϭ 0.044).
Inoculation of solid media in the culture setup process was practiced by five of the six MGIT sites. In addition to the 366 For "All specimens" data, follow-up specimens, initial specimens, and undifferentiated specimens (designated for MTBC only) were combined. For "Initial specimens" data, known follow-up specimens (designated only for MTBC detected at Ͼ28 days) were excluded from analysis. specimens culture positive for MTBC in broth, 12 additional specimens resulted in an MTBC-positive culture only after growth on solid media, yielding an overall MGIT sensitivity for MTBC of 96.8%. Four of the 12 (3 from site B, 1 from site F) were follow-up specimens that did not signal in MGIT broth by the end of the incubation period but grew on solid media only; all were smear negative. The presence of MTBC in the specimen from site F was detected on Lowenstein-Jensen (LJ) medium at 24 days; the three from site B were detected between 40 and 43 days on LJ media. Additionally, eight MTBC specimens (all from site D) reported in a final culture were not detected in broth; these specimens gave positive signals but grew only nonmycobacteria (i.e., contamination) in broth and later grew MTBC on solid media. The range of time to recovery of MTBC on solid media for these eight was 16 to 28 days. Because MTBC was not detected in broth, these 12 specimens were not included in the analysis of TTD-MTBC. Among MGIT sites, of the 378 MTBC in final culture, two (0.5%) MTBCpositive cultures which did not signal in MGIT were recovered after 6 weeks of incubation on solid media. Of 516 final cultures identified as harboring nontuberculous mycobacteria (NTM) from MGIT sites, 4 (0.75%) that had not already been recovered in MGIT broth grew on solid media beyond 6 weeks. All of these were from site B ( Table 5) . BacT/Alert sites. For sites using BacT/Alert, the overall median TTD-all was 16 days (IQR, 13 to 22.75; n ϭ 580) and the median TTD-MTBC was 18 days (IQR, 11 to 27.5). At the end of 3, 4, and 5 weeks of incubation, MTBC in broth had been detected from all specimens at levels of 60%, 80%, and 91%, respectively (n ϭ 85) ( Table 2 ). With follow-up specimens excluded, the median TTD-MTBC for initial specimens was 16.5 days, and at the end of 4 and 5 weeks of incubation, MTBC had been detected at levels of 89% and 95%, respectively (n ϭ 74). (Fig. 2) . Of the 85 specimens culture positive for MTBC in BacT/Alert, 17 (20%) were detected in greater than 28 days. Four of these 17 were initial specimens, 11 were follow-up specimens, and the status of 2 was unknown. The median TTD of these was 34 days; the range was 29 to 43, and 8 signaled positive beyond 35 days.
Growth after 5 weeks (35 days) of incubation in BacT/Alert yielded 28 isolates, including 8 isolates of MTBC, 11 isolates of M. avium, 6 isolates of M. gordonae, and 3 isolates of other mycobacteria. Of the eight MTBC isolates detected in greater than 5 weeks, 100% were from site G, which accounted for 84% of all MTBC isolates collected in BacT/Alert sites. In the BacT/Alert results, the median TTD-MTBC for smear-positive specimens was 13 days (IQR, 8.5 to 18; n ϭ 49) compared to 24 days for smear-negative specimens (IQR, 15.25 to 28; n ϭ 38; P ϭ 0.005). Only three initial specimens that were AFB smear positive grew in greater than 28 days, and only one of these grew MTBC (Table 3) .
Among the three BacT/Alert sites, the range of medians for TTD-MTBC was 16 to 28 days (Table 4 ). Overall, across the BacT/ Alert sites, there was a significant difference in median TTD among laboratories (P ϭ 0.028) but only between sites C and G after post hoc pairwise analysis (P ϭ 0.022). Inoculation of solid media in the culture setup process was practiced by all BacT/Alert users. Three specimens resulted in an MTBC-positive culture only after growth on solid media, yielding an overall sensitivity of 96.5% for MTBC detection by BacT/Alert (85/88). Of the three MTBC specimens that never signaled in the BacT/Alert system, one was a urine specimen detected on solid media in 33 days and two were from sputum: one of the two was a follow-up specimen which grew on solid media in 52 days and the other was a specimen which grew on solid media in 10 days (not identified as a follow-up or initial specimen [data missing]). Of the 88 MTBC final cultures in BacT/Alert sites, 2 (1 of which had already been detected in broth) grew on solid media beyond 6 weeks, leaving only 1 MTBC culture recovered after 6 weeks of incubation (1.1%). Of 548 NTM final cultures, only 1 grew on solid media in greater than 6 weeks, and that had already been detected in broth at 36 days ( Table 5 ).
DISCUSSION
In this multicenter study, we determined that mycobacterial cultures in automated broth systems could reliably be identified as negative for MTBC earlier than 6 weeks. Based on data from MGIT users in this study, this determination can be made with 100% confidence for both initial and follow-up specimens at the end of 5 weeks of incubation and with 100% confidence for initial specimens at the end of 4 weeks, provided standard processing procedures (17) are used. Using data from BacT/Alert system users in this study, this determination can be made with 95% confidence at the end of 5 weeks of incubation and with 89% confidence at the end of 4 weeks of incubation for initial diagnostic specimens. To our knowledge, this work represents the first eval- Our results correspond to previous studies examining TTD of MTBC using the Bactec 12B radiometric system and indicating that incubation lengths in liquid broth media could be shortened to 5 weeks (28; B. Metchock, meeting, Grady Memorial Hospital and Emory Medical School, 1995). We obtained similar results in our study, as the only MTBC species recovered in MGIT after 5 weeks of incubation were from follow-up specimens from one laboratory site which used a processing procedure that differed from those used by the other sites. Our study also looked at potential differences in TTD between specimens considered to be initial diagnostic specimens and those considered to be follow-up specimens, based on the laboratory's knowledge of previous specimens. In reality, and possibly in our study, the laboratory may be unaware of the status of previous specimens processed elsewhere, so the designation we apply here as "initial" may not always correspond to the initial diagnostic specimen for a given patient. However, even though excluding those specimens designated follow-up specimens yielded a subset of data (designated initial specimens) that may have included both initial diagnostic and follow-up specimens from patients, the potential inclusion of specimens from patients on treatment would not detract from the strength of the probability of detecting virtually all MTBC-positive isolates from nontreated patients in 28 days or less. Among MGIT sites, the TTD-MTBC for site B was the longest and was longer than that for sites in previous MGIT system studies (13, 16, 17, 29, 35) , and site B was the only site to recover MTBC at more than 5 weeks. This may be explained by the different processing procedure used by site B, in which a portion of the processed pellet was removed for performing the AFB smear, prior to reconstituting and mixing the pellet with buffer for inoculation of media, which may have led to fewer organisms being available for culture. All other sites reconstituted and mixed the entire pellet for smear and inoculation. However, other factors may have contributed to this site's longer TTD-MTBC, such as not rejecting sputum specimens based on volume and the proportion of specimens from patients on anti-tuberculosis treatment for extended periods of time. Site D had the shortest TTD-MTBC and yet recovered more MTBC exclusively on solid media. This site reports that it experiences high contamination rates possibly due to specimen delivery delays. This could have caused some MGIT tubes to signal positive due to bacterial contamination, with the MTBC in these subsequently being recovered on solid media only. It is plausible that MTBC was growing in those tubes with its presence masked by the contaminating bacteria. Since patient data were not collected in this study, there is insufficient information to definitively explain the TTD differences in these two sites. Additional studies incorporating patient characteristics with TTD data would be of value in elucidating TTD disparities. Our findings of the ability of the MGIT system to more rapidly detect mycobacteria than the BacT/Alert system correspond to those in other studies that compared the two (19, 27, 31, 34) . Other investigators have suggested that the addition of vancomycin to the BacT/Alert antibiotic supplement (19) or differences in the detection mechanisms (34) may be partially responsible. Additional findings from our study revealed the high sensitivities of the two broth systems for detection of MTBC, which were comparable to those reported by others evaluating these systems (1, 12, 23, 24, 27, 34) . However, none of those studies differentiated initial diagnostic from follow-up specimens. In our study, among MGIT sites, only follow-up specimens were found to have grown on solid media exclusively, and in BacT/Alert sites, only one initial specimen grew MTBC exclusively on solid media. While the high sensitivity of both culture systems in our study revealed the relatively low value of using solid media in the initial setup of mycobacterial cultures to detect MTBC in specimens from pulmonary sites, a decision on whether to exclude solid media from the setup process should be made by a laboratory only after analysis of its own data and careful consideration of several criteria, such as specimen type, contamination rates, and incidence and clinical significance of NTM infections. Our study also demonstrates the lack of evidence to support the practice of holding solid media for mycobacterial cultures beyond 6 weeks. Laboratories that routinely hold mycobacterial cultures for 8 weeks before issuing negative results should examine their own data to determine if there is a compelling reason to continue this practice.
Our data indicate that, using the MGIT system, and standard processing procedures, for a given initial diagnostic specimen, there is 100% probability that if the culture is negative at 28 days, the specimen will be final culture negative for MTBC (at 6 weeks). For a clinician considering a differential diagnosis for a new patient being evaluated for tuberculosis, receiving a report with this information could help to guide patient management decisions, as treatment may be begun prior to culture results being completed (2) . One benefit to rapidly excluding tuberculosis in evaluation of these patients is the potential to lessen possible adverse anti-tuberculosis treatment effects, which include hepatotoxicity (15, 22, 25, 35) . Using ATS/CDC guidelines (3), patients may be considered tuberculosis suspects on the basis of a positive AFB smear result, and such patients are subsequently started on a four-drug regimen while awaiting final culture results. In our study, among MGIT sites, all smear positives from initial specimens detected beyond 28 days of incubation were NTM. These data may also be applicable to tuberculosis programs to decide when to conduct contact investigations for tuberculosis suspects (7) . This decision is often contingent on pending culture results, as recommended by CDC instructional materials (8) , and if the culture is not MTBC and clinical tuberculosis is ruled out, the investigation can be stopped, allowing a prioritization of scarce public health resources. While our data suggest that a shortened routine incubation length in liquid media may be sufficient to recover MTBC, there are other considerations in determining whether to hold broth cultures up to 6 weeks. These may include cultures from patients who are on antimycobacterial therapy (i.e., follow-up specimens), cultures from patients who may be suspected of having disease caused by a clinically significant NTM species, cultures from sites other than pulmonary sites (28) , cultures from patients who have drug-resistant disease or from geographical areas experiencing high levels of drug-resistant tuberculosis, or cultures incubated using systems other than MGIT (e.g., BacT/Alert). Importantly, because nonpulmonary sites accounted for less than 7% of our overall sample size, there are not enough data to apply our findings to body sites other than pulmonary sites. Because we did not collect patient data, the added value of the increased probability of a patient being shown to be negative for MTBC with two or three additional specimens or as a consequence of using combined testing methods such as nucleic acid amplification assays was not determined in our study and warrants further investigation. Additional studies incorporating TTD with patient information, drug resistance rates, and clinical outcome data could contribute greatly to the utility of analyzing TTD for patient management and are necessary for the potential application of these findings to clinical practice.
In light of these limitations, and because changing the protocols for length of incubation may not be practical for laboratories due to regulatory and validation issues, it may be more feasible for laboratories to use these findings to alter reporting practices. Many laboratories do not issue preliminary "no-growth" results for mycobacterial cultures. Our data demonstrate the potential value of issuing such reports. Preliminary no-growth reports after 4 and 5 weeks of incubation with wording to inform providers of the high probability of a final culture-negative result could be issued, and at the discretion of each laboratory, final reports could then be issued at a later date. In the event that subsequent growth occurred, a laboratory could issue a "critical value" report.
In conclusion, based on our findings, for a laboratory following standard processing procedures using the MGIT system, a preliminary report of no growth of MTBC could be generated at the end of 4 weeks of incubation for specimens from untreated patients and at 5 weeks for follow-up specimens from treated patients, with 100% confidence of a final negative result. Laboratories should collect and analyze TTD data in their own facilities to determine the optimal date to issue preliminary reports and should tailor their reporting language to indicate the probability of a final negative result based on their TTD data and on the designation of initial or follow-up specimens. Time to detection of mycobacterial cultures is a straightforward measurement that laboratories could undertake with little added burden to workload. Further evaluation of the utility of TTD data, along with its analysis and application to laboratory practices, could contribute to substantial clinical and public health impacts.
